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Abstract 
One of the key impediments to the expansion of Model-Based Systems Engineering (MBSE) practice across the 
lifecycle, particularly in competitive tendering environments, is the continued reliance on documents to define the 
contractual interface between the acquirer and the supplier. This paper describes the collaborative research project 
between the University of South Australia (UniSA), the Defence Systems Innovation Centre (DSIC), and the 
Defence Science Technology Organisation (DSTO) that is investigating the capability of the DSTO Whole-of-
System Analytical Framework (WSAF) to supplant contractual documents within the tender process and the degree 
to which the model passed from acquirer through the contractual interface can be used by the supplier as the basis of 
their tender response and subsequent systems development.  The paper opens with background material and then 
describes the “learning-by-doing” approach that is being employed.  This is followed by a description of methods 
and tools used to support the design of the tender response and the capture of the design rationale in the same MBSE 
environment used to capture the project definition.  The paper concludes with a discussion section that surfaces the 
key issues and challenges inherent in utilising this MBSE approach across the contractual boundary and ways that 
the selected approach could address these. 
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1. Introduction and background 
Model-Based Systems Engineering (MBSE) is essentially a paradigm shift from document-centric to model-
centric systems engineering practices that emphasizes the use of computer-based models to support systems 
engineering processes such as user needs analysis, system specification, architectural design, risk analysis, trade 
studies, and verification and validation1-4.  The aim of MBSE is to overcome the limitations inherent in describing 
complex systems using documents and to provide support for their development and sustainment.  MBSE promises 
more effective knowledge management that can enhance the ability of stakeholders to understand the system and its 
behaviour and performance.  Specifically, reported benefits of MBSE include: enhanced team communications, 
explicit processes for reasoning about system issues, early detection of errors and omissions, improved systems 
architecture and detailed design integrity, and effective design traceability5,6. 
Together these result in reduced project risk and equate with good systems engineering practices.  It is widely 
acknowledged that the application of quality systems engineering saves money7,8 hence not surprisingly, thoughtful 
application of MBSE can be expected to contribute to good project outcomes and some prominent returns on 
investment have been reported, for example: Hause9 stated that Westinghouse saved 70% on verification using auto-
generated testing for railway switching systems and Saunders10 stated that Raytheon reduced specification defects 
by 68% following the introduction of MBSE practices. 
The background context for this paper is the Australian Defence project environment which is rather different 
from its counterparts overseas because Australian defence industry lacks an iconic company owned and controlled 
within the nation that dominates the industry landscape11.  Rather, Cook and Unewisse11 found that the Australian 
defence industry sector has a number of overseas-owned prime contractors that are encouraged to compete by 
offering overseas-sourced equipment that is modified to suit Australian conditions.  This highly competitive 
environment mandates careful control of information flow in both directions: the acquiring organisation is required 
to adhere to strict probity requirements and the supplying organisations need to contain proliferation of their 
differentiating intellectual property that provides them their competitive edge.  Companies are instructed that they 
need to either work “above the line” and supply contract services to assist with project definition or work “below the 
line” and supply defence materiel.  Large prime contractors would always choose the latter in preference because of 
the much larger scale of this work and hence primes are precluded from preparing system definition models and 
later using them to inform tender activities and subsequent contract work. 
In response to this situation, Australia’s Defence Science and Technology Organisation (DSTO) pioneered an 
innovative application of MBSE: the Whole-of-System Analytical Framework that uses Vitech’s CORE®.  WSAF 
not only provide added rigour to the Australian capability development process but also to demonstrate an important 
new MBSE feature: the ability to hold key technical documents within the model of the system of interest (hereafter 
termed the system model).  WSAF has been used with success to define several substantial new Major Capital 
Equipment Projects, such as the new submarine, the new land combat vehicle system, and a variety of command and 
control systems12. 
Despite this work and the increased adoption of MBSE worldwide, there remains an inherent impediment to the 
seamless adoption of MBSE across the project lifecycle: the contractual interface between the acquirer and supplier 
through which a model would need to be accessed by a range of stakeholders.  Especially in competitive tendering 
environments, this interface remains dominated by documents.  This paper seeks to address how to use MBSE 
across the contractual interface in a competitive tendering environment.  The focus is on the transition of models 
created by the customer (acquirer) during the capability definition phase to the supplier during the tendering process 
and the use and maintenance of these models through the system architectural design and detailed development 
phases.  The paper opens with a literature survey on the use of MBSE across the contractual boundary and this is 
followed by a description of the MBSE approach selected by the investigators for this study.  The body of the paper 
describes how the acquisition team used this approach to produce a model-based Request For Tender (RFT) and 
how the supplier team is using the approach together with the RFT model to perform a system design that will 
become the model-based tender.  The paper concludes with a discussion that surfaces the key issues and challenges 
inherent in utilising this MBSE approach across the contractual boundary and some ideas on how we intend to 
address them. 
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2. Review of MBSE across the contractual interface 
The National Defence and Industry Association5 states that MBSE will become common practice across the life 
cycle for the acquisition and evolution of systems and it lists the numerous benefits which MBSE will provide in 
each phase of the acquisition life cycle.  However, it also states that while there is wide use of models across many 
domains, they are used in a “stove-piped” fashion and are not well integrated from one acquisition phase to another.  
Indeed, the report makes a number of recommendations regarding the need to develop standards for metamodels 
(also known as reference models or knowledge models) and practices to facilitate cross-acquisition-phase 
integration of models. 
Recent work by Kanyok and Peterson13 makes a case for establishing a model-based Request For Proposal (RFP) 
process and argue for its adoption from an industry (supplier) perspective.  They cite advantages such as more 
precise exchange of information, cost reduction in the production of the RFP and the proposal, improved likelihood 
that the system delivered will meet user needs, and the immediate availability of a SE model to facilitate rapid 
project initiation after contract award.  They list the road blocks as tool compatibility, the need for tool training and 
staff competence, the need to ensure the model has sufficient coverage for proposal evaluation, and the need to 
engender a substantial paradigm shift from the conventional approach.  Their work, however, does not address the 
practical impediments to sharing models in a competitive tendering environment. 
An Australian team comprising the WSAF researchers and MBSE researchers from the University of South 
Australia, contracted through the Defence Systems Innovation Centre (DSIC), have been examining the challenges 
associated with extending the use of the WSAF system definition models from the capability development (acquirer) 
conceptual design space right across the defence project lifecycle4,14.  The first paper identified a wide range of 
stakeholders for each project including the users, the military capability development people (who are tasked with 
capturing the project definition), the acquisition community, the prime contractors, and the subcontractors.  Do et al4 
state that for a single model to be useful it needs to capture and provide views of the information relevant to all 
stakeholders.  Furthermore, van Ruijven15 like the NDIA5 argues that the way this information is held, described, 
and viewed needs to be standardised across projects to enable effective communication.  This is reinforced by Cook 
et al16 who state in their review paper on success factors for system of systems engineering (most information-
centric defence projects now form part of systems of systems) that collaborative design and decision support 
environments are essential for SoSE success to facilitate communication between design teams from different 
projects. 
Do et al4 also identify a good number of the process products required to initiate and manage a development 
project.  This extends well beyond the information in WSAF in that the acquisition community also needs to hold 
the acquisition-specific information such as the acquisition business case, the tender evaluation plan, risk register, 
etc.  Similarly, industry suppliers need to hold detailed engineering information about components, interfaces and 
system behaviour and performance.  Importantly, Do et al4 assert that in a competitive tendering environment it will 
not be possible to use a single model and they identify the need for three somewhat different models; an acquisition 
model, a supplier model, and a shared model that would combine aspects of both but not contain commercially 
sensitive information from either side.  Do et al17 state that one way to overcome the need to have multiple models is 
to create an alliance-style environment in which mutual trust is maintained as described in the Norwegian frigate 
case study in that paper. 
Barnhart et al18 discuss a SysML-based approach to capturing system mission and capabilities that is inherently 
coupled to modelling and simulation performed in the OPNET network modelling package.  Kalawsky et al6 extend 
this concept considerably by demonstrating the concept of an integrated systems engineering tool chain that is able 
to verify the overall system performance from the systems engineering model through simulation and modelling 
tools through to real-world implementations.  Importantly, Kalawsky et al also discuss the concept of contract-based 
design within a systems engineering tool environment where the contract is a formal description (in a computer 
science sense) of the system to be delivered.  The European Union Designing for Adaptability and evolutioN in 
system of Systems Engineering (DANSE) project is adopting this idea and has developed a new language construct 
to provide semantic precision to project goals and contracts named the Goals and Contracts Specification Language 
(GCSL)19.  GCSL statements are formed by converting a natural language contractual statement into a formal 
language statement that can support reasoning through the use of design patterns and by identifying the two key 
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parts of a contract clause: the assumption or conditional part (“If X is true …”) and the promise part (“…then Y 
must be true.”).  This formal representation permits reasoning and simulation engines to automatically check the 
compliance of candidate solutions to the system contract. 
3. Investigation Approach and Tool Environment 
3.1. Approach selection 
The focus of the research program is on MBSE practices and this naturally led to the decision to adopt a learn-by-
doing approach to investigate how to deal with the contractual boundary in an MBSE-enhanced contractual world.  
A key ingredient needed to employ such an approach is the availability of a comprehensive model of a defence 
capability produced for project definition purposes.  Fortunately, the research team was able to obtain access to a 
WSAF model through its collaborative arrangements with DSTO and it was agreed that the project would use the 
Sense and Warn (S&W) component of a ground-based air missile defence system.  This was a good choice for other 
reasons: WSAF is well known and has been lauded as a very effective framework for its purpose by desk officers 
based in Canberra, a definite achievement given that these staff are remote from the laboratory staff that are 
developing and supporting WSAF20.  Thus the selection of a WSAF model, and the associated modelling 
environment, as the basis for the learn-by-doing research approach selected gained immediate acceptance within the 
project stakeholder group. 
3.2. Introduction to the WSAF approach 
Fundamentally, the WSAF framework has three components, the extensions to the CORE DoDAF schema 
(metamodel), the process model, and the scripts as shown in Figure 1.  The metamodel is an extension of the CORE 
DODAF 2.02 schema21 that was designed to support architecture framework descriptions for complex C4ISR 
developments.  The model of the system of interest is created by creating instances of the relevant model elements 
and defining their interrelationships using prototypes from the reference model. Textual descriptions of the system 
of interest are held within the WSAF elements and a complete Operational Concept Document (OCD), Function and 
Performance Specification (FPS), and a Test Concept Document (TCD) can be produced in the mandated Australian 
Defence format by simply executing CORE scripts.  While WSAF is now mature enough to be used to define 
Defence projects, it remains in an active state of development and new capabilities such as the knowledge 
management of technical risk assessment data are being researched and implemented.  
 
 
 
Figure 1. WSAF foundational elements 
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Figure 2. Document-based information exchanges between Defence and industry 
3.3. Development of the Request For Tender (RFT) Model 
In Australia, the acquirer is required to produce a Capability Definition Document (CDD) set, which comprises 
the OCD, FPS, and TCD.  There are also a substantial number of other documents that need to be produced to bring 
the project to contract.  The RFT comprises the Statement of Work, the CDD set and a selection of the other project 
documents and these are provided to potential prime contractors who interrogate them to produce their own system 
model.  The document-centric version of this information flow is shown in Figure 2 that indicates that information 
and document pack is normally supplied in electronic form on a CD.  In this research project, DSTO are undertaking 
the role of the above the line actors and have supplied the model to DSIC who are performing the supplier role.  The 
WSAF S&W model provides much of the traditional request for tender content needed to enact the interface 
between the two parties.  This was supplemented by a Statement of Work that outlined the scope of the project, 
approximate schedule requirements and the contract deliverables list.  Thus for the research project only two 
artifacts were needed to define the RFT. 
3.4. Development of the Tender Model 
DSIC firstly installed the WSAF Framework and then the WSAF S&W system definition model that is the key 
part of the RFT.  The supplier team proceeded to digest the SOW and the project definition from the model and from 
the documents that can be printed from it.  It is interesting to note that some project members found the documents 
easier to digest, particularly if they were familiar with CDD documents whereas others, whereas those with 
substantial MBSE experience were happier familiarizing themselves with the project definition material directly 
from the model.  As the project progressed, the model was used increasingly by all participants.  DSIC next 
proceeded to design two candidate solutions and prepare a tender response.  At the time of writing, requirements 
analysis is complete, a first cut supplier functional analysis has been undertaken, and synthesis is underway and the 
project is on track to deliver a tender response model to DSTO for evaluation in the second quarter of 2014.  The 
remainder of this section describes the approach used to generate the tender response models and the tools and 
methods used to support this design activity. 
The Blended Architectural Design Approach (BADA) of Cook22,23 was selected to create the tender response for 
the project.  BADA is a systematic engineering design approach24,25 that employs ISO/IEC 15288 (and specifically 
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Figure 3. The Blended Architectural Design Approach employed 
ISO/IEC 26702 IEEE std 1220-2005) processes and artefacts while taking a broadly-based systems approach to 
tackling socio-technical systems within their environment26.  The design approach seeks to provide a toolbox of 
methods and tools to enact each of the systems engineering processes and in doing so combines the rigour and scope 
of classical systems engineering processes with the practical focus of industrial (product) design methodologies.  It 
features small enough process steps for each one to be described in practical ways that enable challenging designs to 
be reliably created by design engineers. 
The engineering design literature contains a number of axioms.  Firstly, engineering design is a creative process 
and can arrive at unexpected and unprecedented solutions.  Indeed, the creativity and innovation embodied in a 
design is considered to be a key differentiator between a mundane design that offer minimal competitive advantage 
and an outstanding solution that is not only novel but commercially valuable.  Thus the design environment and 
design methodology and their associated processes need to foster, not stifle, creativity as so often happens.  
Secondly, the solution space for most properly-defined systems problems is very large and the only way we know to 
ensure that the solutions we synthesise are good solutions is to produce multiple partial solutions at various places 
throughout the design process and have robust methods of choosing the best option(s) with which to proceed.  These 
decisions need to be made with reference to a value model agreed by the project stakeholders.  Thirdly, abstraction, 
albeit functional analysis, object-oriented analysis, or whatever, enables the design team to conceive of generic 
solutions and in so doing maximise the potential to understand the problem well and to arrive at innovative 
solutions.  BADA incorporates these axioms in its detailed implementation while still maintaining a set of design 
processes as shown in Figure 3 that would be familiar to systems engineers and product designers. 
The team found that the RFT model (ie the WSAF Sense and Warn capability model) encapsulated much of the 
needed requirements analysis work and that the model already held the majority of the information that would 
comprise a supplier requirements baseline.  To this, the supplier team added supplier-specific design constraints 
such as the preferred systems engineering tools, a preferred component library from which to select solution 
elements, restrictions on software implementation languages, detailed design constraints and elements of company 
standard procedures such as quality assurance provisions.  An important addition to the requirements baseline was a 
set of more detailed reference scenarios to support the detailed functional analysis. 
We found that CORE was well able to support the production of a more detailed functional architecture from 
both the functional flow and functional hierarchy perspectives.  Of note, however, was that the original RFT model 
used certain high-level architectural constructs that, although well suited to the original purpose of capability 
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problem definition, did not de-compose directly into the more detailed functional decomposition needed for 
preliminary design.  An example of this would be that several activities in the RFT model were depicted as being in 
parallel.  When decomposed, it became clear that certain sub-functions need to occur before some of the larger high-
level functions.  We dealt with this by simply altering the functional architecture to depict the final detailed 
functional architecture.  However, this means that the detailed functional architecture does not sit underneath the 
high-level functional architecture but rather replaces some it.  The issue that simple approach immediately raises is 
that configuration management will become complicated when the acquiring organisation re-issues the problem 
definition.  This may well mandate extensions to the metamodel to reflect which structures in any given model can 
be attributed to which party and the location in the system life cycle in which they were introduced. 
Estefan1 did not identify any MBSE methodologies or toolset that directly support the activities of synthesis: the 
process of producing a number of candidate solutions from the requirements baseline and the functional architecture.  
This is the essence of design and is often performed by highly skilled and experienced practitioners who find it 
difficult to explain how they perform this essentially creative task.  While such practitioners do frequently succeed 
in practice, this unstructured approach does not readily create traceable design rationale that can be used to re-
evaluate the appropriateness of the evolving design if new requirements are introduced or if new system components 
become available.  Pahl24 overcomes this dilemma by employing Zwicky’s morphological table that lists the 
functions on the left hand side against which a row of possible implementations are placed and compared for 
performance and potential implementation risk.  Overall candidate solutions are identified by choosing sets of 
compatible implementation solutions for the list of functions.  This is a powerful technique that is easily grasped by 
novice designers and is one of the key techniques taught at the University of South Australia to inculcate design 
skills in undergraduate and postgraduate engineering students. 
The implementation of the morphological table approach in MBSE is most easily described by stepping through a 
relevant design activity.  The designers start by nominating the functions that are to be synthesised into a solution 
using the morphological table.  For a simple system this would involve the entire set of functions but not necessarily 
at the leaf-function level because single components, for example a general purpose computer, can perform many 
functions and hence might be able to implement a function well up the hierarchy.  The designers then nominate the 
potential components that are to be considered as implementation options for each function.  While it is becoming 
increasingly common practice to build systems from pre-existing components, one option for most functions is still 
likely to be a bespoke component.  The process continues when the designers invoke the morphological table script 
from the CORE main menu that invokes Microsoft Excel®.  The Excel table opens populated with the functions and 
the possible implementation options (CORE Components that could be hardware, software, people, etc).  The 
designer now needs to rate each implementation option in terms of performance and freedom from implementation 
risk, a simple integer scale from 0 to 5 is often used, with 5 being the most desirable in both cases.  This process 
continues until each element of the matrix has been evaluated.  The synthesis step selects sets of compatible 
implementation options from across the matrix taking one for each function, that is, one from each line.  Our use of 
the word compatible relates to selecting design solutions for each function that can easily work together; for 
example, all pneumatic instruments and controls or all electronic in a process control application.  It could also mean 
components that all use the same interface bus, power supply or mounting arrangements.  It is normal to arrive at 
several candidate systems solutions and the component sets that will implement each candidate solution are marked 
on the morphological table.  Once the synthesis options are entered, the morphological table is saved and the results 
imported back into CORE that creates a new Package element for each candidate solution.  These candidates can 
then be elaborated and analysed to ensure they meet all of the requirements and adjusted as necessary.  Representing 
the candidate solutions in this way requires the introduction of new relationships in the WSAF metamodel; these 
will be described in a subsequent paper. 
After the solution candidates have been imported back into CORE, the designers must perform a trade-off 
analysis to select a final design solution.  This is done in BADA using the multi-attribute value analysis approach 
advocated by Buede27 together with the rank-order centric attribute weighting procedure.  This quantitative trade-off 
approach is designed to trade-off solution attributes that exceed the threshold value for requirements compliance.  
Once the trade-off attributes have already been identified (they are usually the design drivers such as technical 
performance measures and key attributes such as cost and risk) and the component library is complete, the designers 
can generate a trade-off table from CORE in a fashion analogous to the synthesis activity described above.  When 
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invoked, the trade-off script prompts the designer to rank in importance up to eight system attributes to be used as 
the basis for the trade-off analysis.  (The number of performance criteria has been limited to eight as the authors’ 
experience indicates that the weighting applied by the rank-order centroid technique to additional criteria render 
them unable to have much bearing on the decision outcome.)  Once the attribute ranking is complete, CORE can 
once again be used to invoke Microsoft Excel for further analysis.  The spreadsheet opens with the attributes ranked 
in the order specified along with their Rank Ordered Centroid weighting value and their respective target and 
threshold values.  It is then up to the designers to choose a value function appropriate to the attributes.  Currently 
implemented are the Wymorian28 Standard Scoring Functions 3 and 9 that produce S-curve value functions  and a 
linear progression function because these are the most commonly used.  Once the value functions are entered, the 
spreadsheet then sums the weighted scoring function results for each candidate solution and the candidate solution 
with the best score is declared the preferred candidate.  Execution of the trade-off is scripted and focuses on 
retrieving the values already set within the system model with minimal user intervention.  However, it was found 
necessary to add an extra attribute to the metamodel to define how component parameter values were combined but 
discussing this change is beyond the scope of this paper. 
Trade-off analyses need to take into account more than static candidate solution attributes such as mass, cost, and 
mean time between failure.  It is also necessary to compare system performance and behaviour in a dynamic 
environment and for this system modelling and simulation is needed.  To meet this need, we are currently 
investigating the capability of the CORE SIM discrete event simulator and the capabilities that can be realized 
through interfacing the CORE system model to external modelling and simulation packages.  Both of these options 
are looking encouraging and findings will be discussed in a separate paper.  The advantage of making the system 
model executable as opposed to simply producing a separate performance model or simulation is that should the 
system requirements change such that the validity of the system design is put under question, this situation should be 
easier to identify and it should be straightforward to re-do the synthesis steps, the modeling and simulation, and the 
trade-off analysis and hence ascertain if the preferred solution has changed. 
4. Discussion 
The early part of the project is focusing on the efficacy of using an MBSE system model in place of documents in 
the RFT process such that the tender produced is largely contained within an MBSE tender model that is an 
enhanced version of the original RFT MBSE model.  The initial findings derived from the literature survey and from 
the early work in producing an example MBSE tender model are now discussed below. 
Firstly, the established WSAF system definition paradigm has been found to be well suited to providing a 
coherent, high-quality technical description of the problem situation for which a materiel solution is being sought.  
WSAF-based problem definition models are also richer than many MBSE problem definition models in that they 
contain all the elements of the Australian Defence OCD, FPS, TCD data item descriptions and could conceivable 
contain many aspects of the SOW.  Indeed, these models can be used to generate these documents in the prescribed 
form facilitating the introduction of MBSE practices at into the current document-centric environment. 
The information required to initiate a project, however, is far larger than the knowledge management span of the 
current-generation WSAF models4 and hence there will either need to be additional documents produced or the 
scope of the WSAF metamodel will need to be increased.  It is interesting to consider the implications of expanding 
the breadth of the WSAF models.  Certain information, such as cost estimates could easily be incorporated into a 
WSAF system model.  This addition would be very useful for the acquiring organisation because it is needed to 
inform the Acquisition Business Case that goes to Government for approval.  Information of this type, however, is 
commercially sensitive and it would not be appropriate for it to be contained within the model that would form part 
of the RFT.  There are numerous example of information of this type that would be an asset for the acquiring 
organisation but would have to be excised from the RFT model.  Thus it would seem that if a more elaborate and 
comprehensive acquirer model were to be built, there would be a significant amount of material that would need to 
be excised before the model could be used as an RFT model. 
Similarly, each supplier tendering for the contract would need to include at least some detailed information in 
their internal system model that would be proprietary information that the company would not be prepared to release 
to the acquiring organisation unless they were the successful tenderer. 
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The two points above when considered together with the earlier observation that the tender model may not 
necessarily be cleanly interfacable to the RFT model appears to indicate that a single monolithic project model may 
be problematical.  A technical approach to dealing with this situation would be to create an interface model that 
would contain material that could be viewed by all parties and to maintain a suite of more specific models that could 
be configured for individual purposes.  In order to understand what key information classes should and should not 
flow across the contractual boundary in a competitive tendering environment, the project team has conducted 
workshops with key stakeholders the initial findings of which are summarized in Table 1. 
 
Table 1. Initial findings on information and model exchange needed between the acquirer and suppliers in an MBSE-
based tendering environment 
 
Key Aspects of Information and 
Model Exchange 
Project Findings 
What classes of information in the 
Acquirer’s system model should NOT be 
provided to the Suppliers? 
 Costing information, internal management information 
 Sensitive information (particularly prior to contract) including some classified 
information 
 Information that does not make sense in a model 
What classes of information in the 
Acquirer’s system model should be 
disclosed to the Suppliers? 
 Needs and Requirements 
 Rationale for performance figures and essential/desirable etc. 
 Technical performance measures 
 Functional model 
 MBSE-based tendering process description, modelling standards and quality 
control approaches 
 Support concept, test and evaluation information, standards for testing 
What classes of information in the 
Supplier’s Tender Model (TM) should 
be disclosed to the Acquirer? 
 Detailed functional architecture 
 Detailed physical architecture 
 System behaviour 
 Assumptions, rationales, applicable standards 
 Test plans and test cases 
 Technical forecast and resulting risks, Technical Integrity Risk 
 Support system model 
 Anything as specified by acquirer – when it makes sense to be in a model 
 System solution at an appropriate level to avoid IP issues 
What classes of information in the 
Supplier’s TM should NOT provide to 
the Acquirer? 
 Lower-level detailed risk and cost information, proprietary IP information the 
release of which would undermine their competitive position 
Challenges that need to be overcome to 
interface the two models (RFT and TM) 
 
 Obtaining a consensus on what the vision of MBSE-based tendering should be 
 Design of metamodel stereotypes for the model suite.  
 Model-based consistency evaluation of the RFT model by the suppliers 
 Support to model-centric tender evaluation by the acquirer 
 The completion of the structured systems engineering design implementation and 
design rationale capture 
 Commercial issues associated with Defence becoming reliant on certain tools and 
vendors 
 The human resources and training issues resulting from large numbers of people 
needing working-level competency with the tools 
 The inherent impediments to achieving the long-term goal (i.e. legal framework 
and IP issues)?  
 Current interfacing standards are insufficient and these need to evolve and mature 
for model-centric acquisition before they can be adopted and/or mandated. 
 
The desire to evaluate the impact of requirements or component changes on the evolving system design 
necessitates storing design rationale within the system model.  The approach we have taken to investigate change 
evaluation is to employ a structured systems engineering design process that is supported by some simple design 
assistance agents that can direct synthesis, trade-off studies, and system performance and behaviour analysis.  These 
agents have been designed to inherently record design decisions and design rationale and the approach appears 
promising. 
 Quoc Do et al. /  Procedia Computer Science  28 ( 2014 )  692 – 701 701
5. Conclusion 
This paper reports on research practices pertaining to methods, tools, and techniques proposed to facilitate the use 
of MBSE across the contractual interface in a competitive tender environment.  One of the profound observation is 
that MBSE has been applied across the contractual boundary for over twenty years in environments where mutual 
trust is well developed and mutual goals are well understood through a range of approaches and available tools.  If a 
competitive environment cannot be avoided, our findings to date indicate that MBSE-based tendering looks viable 
but its feasibility will be a function of how well the parties can either limit the scope of the models to sharable 
information or the ability of all parties to segment and configuration-manage their models.  The work on capturing 
design rationale in order to support requirements or component change evaluation looks very promising.  The 
inherent representation of design rationale also looks capable of improving the quality, completeness, and 
knowledge management of the system of interest. 
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